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This paper reports the result of a computer search which show s that there is no oval in a 
projective plane of order 10. It gives a brief description of the search method as well as a brief 
survey of other possible configurations in a plane of order 10. 
This paper reports the result of a computer search which shows that there is no 
oval in a projective plane of order 10. A projec,tiue plane of order 10 is an 
arrangement of 111 points and 111 lines with the following properties: 
(1.1) Each line contains 11 points, and each point meets 11 lines. 
(1.2) Any Wo distinct points lie 011 exactly one line and any two distinct lines 
meet in exactly one point. 
Let .A = (A,) be the 111 X 111 incidence matrix of the plane, where A, = 1 if lint:: 
i contains point j, and 0 otherwise. 
Let F be GF(2). Let S be the subspace of F”’ generated by the rows of A. Let 
We be the number of vectors of S of weight i. It is known ([3] and [4]) that the 
numbers are uniquely determined if we know w12 and wlG. 
An oval in a projective plane of order 10 is a set of 12 points, no 3 of which are 
collinear. In [3], it was proved that vectors of weight 12 in S are exact!y the ovals 
of the plane. Thus, the fact that there is no oval implies w12 = 0. 
It is I well known fact (Cl] and [5]) that if an oval exists, then the 66 iines 
containing points in the oval and the 99 points not in the oval forms an interesting 
incidence structure. Attempts were made (e.g., [5]) to search for this structure. In 
[2], we gave an estimate of 50 computing days to do an exhaustive search for this 
oval structure. Recently the search was finally finished without finding such a 
structure and took 183 days of computing on a VAX 111780. 
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In Section 2. we give a very brief description of the search method as well as a 
discussion of how we verify the result. In Section 3, we give a brief survey of other 
possible configurations in a plane of order 10 and the feasibility of searching for 
them. 
2. !&!rclB for oval!3 
The search for ovals in based on the following characterization of the oval 
confipur=tion communicated to the authors by .I. Thompson. The lines and points 
are labelled by special involutions in the symmetric group S on 12 letters 
{1.2...., 12). We let Cb and CZ denote the set of permutations with cycle type 2” 
and 2*ln, respectively. We say that an (Y E Ch covers a 0 E C2 if the two 2-cycles of 
(3 arc part of the six 2-cycles of a!. With these definitions, the oval configuration is 
equivalent to a subset D c C6 with the following properties: 
(2.1) IDl= 99. 
(2.2) For each p E CZ, there exists a unique (Y E D such that cy covers 0. 
0ur computer program tries to find the 99 (Y’S in D by an exhaustive backtrack 
starch. In order to reduce the search space, we use the observation that any 
rcnumhcring of the letters { 1, . . . , 12) maps one configuration D to another. 
Thus. we are searching only for configurations which are non-equivalent under 
such renumberings. Another observation is that the cy’s in D can be generated in 
any order. We have chosen an order heuristically to maximize the constraint 
which hopefully minimizes the size of the search. 
The correctness of such a computer program was a major concern. We have 
dccidcd from the very beginning to have two programs. The first one uses simple 
and straight-forward programming techniques. It is used to estimate the size of 
the search space and to verify the correctness of the second program.. The second 
program is a highly optimized version which runs about 100 times faster. To 
veryfy the correctness, selected cases were run through the two programs and their 
:Dtc.rmcdiatc results are compared. Any dlccrepancy in the results must be 
exprainable by the differences in the two programs. The intermediate results used 
for comparison purposes are the counts Hi of the number of subsets 
c aI. cxz, . . . , a,) that the programs have considered, given the same starting 
1 ayI* 02,. . . * a,}, js i. The test cases are selected to cover as many different 
aspects of the programs as possible. 
Based on the results of these two programs,, we are confident that there are no 
ovals in a plane of order 10. In fact, we have not been able to find a consistent set 
of {a,, . . . , ai} where i > 5 1, according to our ordering of generating the (Y’S 
Sin :e the existence of ovals is an important question, we hope that someone will 
do in independent search to verify the result. Anybody who is interested can 
KC! :I copy of our programs from the authors. 
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Besides ovals, other configurations involving only a small number of points are 
the 16-point, 19-point and 200point configurations [l]. Carter in his 1974 thesis 
has studied the 16-point configuration. In particular, there are 6 different config- 
urations and it is known that 4 of them cannot be completed to a full plane. 
Partial results are known about one of the remaining two cases. It is of interest to 
complete the search for the l6-point configurations because it will determine WI& 
the remaining unknown required to determine the weight enumerator. 
However, it is more interesting to note that w12 = 0 implies that a primitive 
20-point configuration exists in a plane of order 10 [l]. A primitive 20-point 
configuration, M20, contains a collection, C 20, of 20 points and 20 lines, each line 
containing four points and each point on four lines. Moreover, M20 also contains 
70 further lines each with exactly two of the 20 points. M. Hall Jr. remarked that 
“given a primitive M2(), its extension to a full plane is not a trivial problem but in 
any individual case is a reasonable one”. We have made three empirical estimates 
of the number of non-isomorphic C2& by taking random choices. Our estimates 
are lo’, 109, and 1012. We believe that the existence of a plane of order 10 can be 
settled by a search for primitive M&s. However, the amount of computation is 
still beyond reach. 
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